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There are 7 questions on this exam, worth 15 points each.

Write your answer, showing all work to each on each page.

A list of potentially useful equations is on page 9.

A periodic table is contained on page 10.
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1. Uranium is the heaviest element found on earth. All the isotopes of uranium are radioactive and
only the two long-lived isotopes, 235 (235.046 g/mol) and 238 (238.051 g/mol), have survived
since the supernova that created them. The lighter isotope is used to create energy through
fission but it is relatively rare. Nuclear engineers use the difference of gaseous velocities in
centrifuges to remove some of the heavier isotope from the natural mixture to create ”enriched”
uranium for nuclear fuel. The separation is difficult due to the very small amount of 235U and
the small difference between the masses of the isotopes. The other product from the separation
process is called ”depleted” uranium and is used in bullets and armor due to its high density
(19.1 grams/cm3).

(a) (5 points) Estimate the fractional abundance of the lighter uranium isotope in nature.

(b) (5 points) Gaseous separation uses uranium hexafluoride (UF6) because it is the lightest
known gas that contains uranium. There are only two isotopic forms of UF6 because
fluorine is monoisotopic. Calculate the masses of these two molecules.

(c) (5 points) What is the volume of a 10 gram bullet made out of depleted uranium?
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2. The following questions on this page refer to the interactions between carbon and oxygen atoms
versus nitrogen and oxygen atoms. Both carbon and nitrogen form a monoxide.

Element C N O
Melting point 3825 63.05 54.8 K

First Ionization Potential 1090 1400 1310 kJ/mol
χPauling 2.6 3.0 3.4

Electron Affinity 122 -7 141 kJ/mol
Atomic Radii 77 74 66 pm

(a) (5 points) Give a concise explanation of why NO is reactive and forms a dimer whereas
CO is much more inert does not dimerize.

(b) (5 points) Concisely explain what feature of the Lewis structure of CO, a colorless molec-
ular gas at room temperature, is problematic because it is counter to our understanding
of ionic compounds?

(c) (5 points) Compare the percent ionic character of the NO molecule to that of the CO
molecule.
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3. The following questions on this page will require some of the information in the table below.

Element K Cl
Melting point 336.5 171.6 K

First Ionization Potential 418 1255 kJ/mol
χPauling 0.82 3.2

Electron Affinity -48 -349 kJ/mol
Ionic Radii 138 181 pm

(a) (10 points) Use some of the information in following table to make an estimate of the
Coulomb potential of a KCl ion pair at their equilibrium separation.

(b) (5 points) KCl forms the same lattice type as NaCl and has a Madelung constant of 1.748
The Madelung constant can be viewed as a correction factor, what does this factor correct
for?
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4. Give the Lewis structure, the name of the VSEPR 3D molecular structure, and the bond angle
for the following molecules or molecular ions.

(a) (3 points) ozone molecule (O3)

(b) (3 points) phosphite anion (PO−2 )

(c) (3 points) formate anion (HCO−2 )

(d) (6 points) fluoro-hypochlorite molecule (FClO)
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5. Give the Lewis structure, the name of the VSEPR 3D molecular structure, and the bond angles
at the specified atom in the following molecules or molecular ions.

(a) (3 points) the nitrogen atom in (NO2)

(b) (3 points) the carbon atom in thioformaldehyde (SCH2)

(c) (3 points) xenon atom in xenon oxy-difluoride (XeOF2)

(d) (6 points) The compound N2O3 was shown in lecture to have two isomeric forms. Clearly
explain what is meant by ”isomer forms” in words or Lewis diagrams.
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6. Two questions on cell phones electromagnetic radiation.

(a) (5 points) Most cell phones can operate at two or three radio frequencies. Calculate the
wavelength of the radiation emitted by a iPhone operating at 850 MHz.

(b) (10 points) Estimate the number of photons emitted in one second by an iPhone 3G cell
phone that is operating a frequency of 1.9 GHz with a power of 20 milliwatts.
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7. Answer the following three questions based on Bohr’s atomic model:

(a) (5 points) Concisely describe the key assumption that Bohr made that lead to his suc-
cessful description of atomic line spectra.

(b) (5 points) What does this model predict for the total energy of the lowest state in a Be3+

ion?

(c) (5 points) What does this model predict for the smallest radius of a Be3+ ion?
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Potentially Useful Constants 17 Sept 08

R = 0.08206 ` atm ◦K−1 mole−1 R = 8.314 J ◦K−1 mole−1

kB = R/NA = 1.38066x10−23J ◦K−1 1. amu = 1.6605 x 10−27 kg

h = 6.626 x 10−34 J sec c = 2.99792 x 108 m sec−1

NA = 6.0221 x 1023 mole−1 ε0 = 8.8542 x 10−12 Coulomb2 J−1 m−1

proton mass = 1.67263 x 10−27 kg electron mass = 9.1094 x 10−31 kg

neutron mass = 1.67493 x 10−27 kg electron charge = 1.60218 x 10−19 Coul

c1 = 56.705 nWm−2K−4 c2 = 1.44 cm K

a0 = ε0h2/e2πme = 52.92 pm RH = 109, 737 cm−1

———
r = 1.2 fm A1/3 Vsphere = 4π r3/3 Asphere = 4π r2

F = − d
dxV(x) ET = EK + EP Fcoulomb = q1q2e2/4πε0r2

Vcoul = q1 q2 e2 / 4 πε0 r Vlattice = NA

(
q1 q2 e2 / 4 πε0 d

)
A

p = m v EK = 1
2 m v2 = p2/2m

χA = (FIP + |EA|)/2 %-IC = 16|χA − χB |+ 3.5|χA − χB |2

|χA − χB| = 0.102
√

∆ ∆ = BDE(A : B)−
√

BDE(A2) ∗ BDE(B2)

FC = (#V alence e−)− (#LonePair e−)− 1
2 (#Bonding e−)

E = hν λ ν = c E = E0 sin[(2π/λ)(x− ct)]

P/A = c1T
4 Tλmax = c2/5

ρ(T, ν) =
(
8πhν3/c3

) (
1

ehν/kT−1

)
≈ 8πkBTν2/c3 1/λ = RH

(
1/n2

low − 1/n2
high

)

EB(n) = -2.18 x 10−18 J 1
n2 EB(n,Z) = −Z2e4m

8ε20h2
1

n2 EB(n,Z) = -13.60eV
Z2

eff

n2

∆E(n) = 2.18 x 10−18J
(
1/n2

2 − 1/n2
1

)
∆E(n, Z) = 2.18 x 10−18J Z2

eff

(
1/n2

2 − 1/n2
1

)

rB(n)=n2h2ε0/πme2 = a0 n2 hcRH = e4m
8ε20h2 = 2.18 x 10−18J

———
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